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DISTANCE DISCRIMINATION I N  A SIMULATED SPACE ENVIRONMENT 
By Robert  J. V i n c e n t ,  B i l l  R. Brown, and Malcolm D. Arnoul t  
Texas C h r i s t i a n  U n i v e r s i t y  
The j u s t  n o t i c e a b l e  d i f f e r e n c e  (JND) f o r  d i s t a n c e  w a s  i n v e s t i g a t e d  by a 
paired-comparisons method u s i n g  s u c c e s s i v e  comparisons.  
a n  o p t i c a l l y  s i m u l a t e d  l a r g e  t a r g e t  l o c a t e d  i n  a t e x t u r e l e s s  environment a t  
d i s t a n c e s  a l o n g  t h e  sacjgital  p l a n e  o u t  t o  1 2 , 8 d l  f t .  The v a l u e  of A D D  varied 
from less t h a n  3% a t  200 f t .  t o  about  7% a t  12,800 f t ,  The r e s u l t s  conf i rm 
t h e  power f u n c t i o n  r e l a t i o n s h i p  between d i s t a n c e  t h r e s h o l d  and o b s e r v a t i o n  
d i s t a n c e .  
The r e s e a r c h  u t i l i z e d  
INTRODUCTION 
T h e r e  have been s e v e r a l  i n v e s t i g a t i o n s  of d e p t h  d i s c r i m i n a t i o n  under 
experimental c o n d i t i o n s  i n  which judgments could be i n f l u e n c e d  both  by binocu- 
l a r  r e t i n a l  d i s p a r i t y  and by monocular c u e s  t o  d e p t h  l o c a l i z a t i o n  (Beebe-Center , 
Carmichael ,  and Mead, 1944; Holway, Jameson, Z e g l e r ,  Hurvich,  Warren and Cook, 
1945; T e i c h n e r ,  Kobrich and Dusek, 1955a; T e i c h n e r ,  Kobrick and  Wehrkamp, 1955b; 
Jameson and Hurvich,  1Y59). A summary by Teichner  e t  a l .  (1955a) concluded 
t h a t  t h e  j u s t - p e r c e p t i b l e - d i f f e r e n c e  i n  d i s t a n c e  (AD) grows as t h e  1.35 power 
of o b s e r v a t i o n  d i s t a n c e ,  
A D  = m1*35, (1) 
A l l  of t h e s e  s t u d i e s  shared  s e v e r a l  e x p e r i m e n t a l  c h a r a c t e r i s t i c s  which 
1 i m i t e d  g e n e r a l i z a t i o n  of t h e  r e s u l t s  
t o  a p a r t i c u l a r  s t i m u l u s  s i t u a t i o n ,  and even when a t e r r a i n  e f f e c t  was r u l e d  
Monocular cues are f r e q u e n t l y  p e c u l i a r  
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o u t  s t a t i s t i c a l l y  (Teichner  e t  a l . ,  1955a; 1955b) o r ,  t o  some e x t e n t ,  
e x p e r i m e n t a l l y  (Beebe-Center et a l . ,  1944), t e x t u r e  cues  from t h e  sur round may 
n e v e r t h e l e s s  have been p r e s e n t .  Moreover, t h e  p h y s i c a l  t a r g e t  s i z e s  and t h e  
maximum viewing d i s t a n c e s  w e r e  t y p i c a l l y  r a t h e r  small. The t a r g e t s  w e r e  
u s u a l l y  r e c t a n g l e s  w i t h  a maximum dimension of about  5 f t .  and were l o c a t e d  no 
more t h a n  and most o f t e n  c o n s i d e r a b l y  less t h a n  300 f t .  d i s t a n t .  Jameson and 
Hurvich (19591, c i t i n g  results from t h e  Holway e t  a l .  (1945) p a p e r ,  emphasized 
t h e  importance of d i s t a n c e  range  by c o n s i d e r i n g  t h e  c u r v a t u r e  of t h e  wave f r o n t  
of t h e  l i g h t - b u n d l e  i n c i d e n t  t o  t h e  eye,  since it is r e l a t e d  t o  changes i n  
image c l a r i t y  and o c u l a r  accommodation. F i n a l l y ,  t h e  exper iments  d i s c u s s e d  
above were concerned o n l y  w i t h  t h e  accuracy  of e q u a l i t y  s e t t i n g s .  A l i t e ra ture  
s e a r c h  f a i l e d  t o  l o c a t e  a s t u d y  which e s t a b l i s h e d  t h e  proximal and d i s t a l  
l i n e a r  t h r e s h o l d s  of d i s t a n c e .  
T h i s  paper  r e p o r t s  t h e  r e s u l t s  of a d e p t h  d i s c r i m i n a t i o n  s t u d y  which 
u t i l i z e d  a n  o p t i c a l l y  s i m u l a t e d  l a r g e  t a r g e t  ( s imula teu  s i z e  approximate ly  24 
f t .  h i g h  and 13 f t .  i n  d i a m e t e r )  l o c a t e d  i n  a t e x t u r e l e s s  environment  a t  simu- 
latea d i s t a n c e s  a l o n g  t h e  s a g g i t a l  plane o u t  t o  12,1100 f t .  Unl ike t h e  p r e v i -  
o u s l y  c i t e d  s t u d i e s ,  t h e  s t a n d a r d  and aornparison t a r g e t s  w e r e  viewed 
s e q u e n t i a l l y  r a t h e r  t h a n  s imul taneous ly .  
METHOD 
Subjects.--Three male - O s ,  ranging  i n  age  from 20 t o  24 y e a r s ,  w e r e  pa id  t o  
p a r t i c i p a t e  i n  t h i s  experiment .  They w e r e  s e l e c t e d  from a l i s t  of v o l u n t e e r s  
on t h e  basis of possess ing  a t  l e a s t  20/20 v i s u a l  a c u i t y  and h i g h  d e p t h  
d i s c r i m i n a t i o n  as judged by a n  o p t o m e t r i s t .  
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Apparatus.--Judgments were made of t a r g e t s  produced by an opto-mechanical  
s i m u l a t o r  o f f e r i n g  a high-f i d e l i t y ,  three-dimensional  p r e s e n t a t i o n  of a 30 f t .  
x 1 3  f t .  space  v e h i c l e  (Apollo Command and S e r v i c e  Module) i l l u m i n a t e d  by a 
"sun" s o u r c e  i n  a star-free,  o u t e r  space environment .  S i n c e  t h e  l i g h t  s o u r c e  
w a s  main ta ined  a t  a c o n s t a n t  d i s t a n c e  f r o m  t h e  t a r g e t ,  a p p a r e n t  b r i g h t n e s s  a l s o  
v a r i e d  a p p r o p r i a t e l y  w i t h  a p p a r e n t  distance,  A s p e c i a l  f e a t u r e  of t h e  appara-  
t u s  i s  t h a t  t h e  s i m u l a t e d  d i s t a n c e  i s  achieved  by having t h e  a p p a r e n t  s o u r c e  of 
t h e  l i g h t  r a y s  a p p r o p r i a t e  t o  t h e  d i s t a n c e  b e i n g  presented .  l h u s ,  a l l  t h e  
v i s u a l  t a r g e t  c u e s  which would b e  p r e s e n t  i n  t h e  real  s i t u a t i o n  are provided i n  
t h e  s i m u l a t i o n .  The d i s t a n c e  range  a v a i l a b l e  w a s  200 f t .  t o  20,000 f t .  Dur i rg  
a l l  s e s s i o n s ,  t h e  t a r g e t  was t i l t e d  37' toward t h e  0, so t h a t  t h e  maximum 
s i m u l a t e d  v e r t i c a l  dimension was approximately 24 f t .  
Procedure.--Each 0 observed t h e  t a r g e t  from a s t a t i o n  i n  a room a d j o i n i n g  - 
t h e  s i m u l a t o r .  He w a s  s e a t e d  i n  a f u l l y - e n c l o s e d  "capsule"  and viewed t h e  
d i s p l a y  through a 9 i n .  d i a .  "porthole"  s i t u a t e d  18 in .  i n  f r o n t  of him, H i s  
head was e n c l o s e d  in a s o f t  helmet which l o c a t e d  h i s  e y e s  i n  t h e  o p t i c a l  a x i s .  
An intercommunicat ion system provided v e r b a l  c o n t a c t  between t h e  e x p e r i m e n t e r  
and o b s e r v e r .  Between t h e  "porthole"  and t h e  f i n a l  o c u l a r  l e n s  t h e r e  w a s  a 
remote ly  c o n t r o l l e d  s h u t t e r  used t o  occ lude  t h e  scene  between s t i m u l u s  
p r e s e n t a t  ions .  
The Method of Cons tan t  S t i m u l i  was employed t o  e s t a b l i s h  t h e  proximal and 
d i s t a l  JNDs of d i s t a n c e  f o r  e a c h  of seven Standard  D i s t a n c e s  s e l e c t e d  t o  form a 
g e o m e t r i c  series. It should  b e  understood t h a t  t h e  term "distance'" when used 
i n  t h e  c o n t e x t  of t h e  p r e s e n t  experiment s t a n d s  f o r  "apparent"  d i s t a n c e ,  i n  
d e f e r e n c e  t o  t h e  f a c t  t h a t  t h e  v i s u a l  d i s p l a y  w a s  s i m u l a t e d .  
-
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Seven Comparison D i s t a n c e s  f o r  each Standard  were s e l e c t e d  d u r i n g  an 
e x t e n s i v e  series of e x p l o r a t o r y  t r i a l s  employing two - Os. The c r i t e r i o n  f o r  
s e l e c t i n g  t h e  range  of Comparison Dis tances  w a s  t h a t  t h e  most proximal and 
d i s t a l  d i s t a n c e s  should  be judged c o r r e c t l y  i n  a t  least  18 of 20 t r i a l s .  The 
remaining Comparison D i s t a n c e s  c o n s i s t e d  of e q u a l l y  spaced (o r  o c c a s i o n a l l y  
e q u a l  l o g a r i t h m i c a l l y  spaced)  d i s t a n c e s  w i t h i n  t h i s  range.  The 4 t h  Comparison 
D i s t a n c e  w a s  i d e n t i c a l  with t h e  S tandard  D i s t a n c e .  Once t h e  Comparison D i s -  
t a n c e s  were s e l e c t e d ,  t h e y  were used for  a l l  Os, The d a t a  g a t h e r e d  i n  t h e  - 
e x p l o r a t o r y  tr ials  were not inc luded  i n  t h e  f i n a l  a n a l y s i s .  The t h i r d  0 w a s  
g iven  t h r e e  p r a c t i c e  s e s s i o n s ,  d u r i n g  which it was de termined  t h a t  h i s  judgment 
- 
w a s  e s s e n t i a l l y  t h e  same as t h o s e  of t h e  o t h e r  - O s ,  so  he proceeded d i r e c t l y  t o  
t h e  f i n a l  phase of t h e  r e s e a r c h .  
The procedure w a s  t h e  same f o r  both t h e  e x p l o r a t o r y  and f i n a l  s e s s i o n s .  
On a g i v e n  day e a c h  0 made judgments a t  o n l y  a s i n g l e  S tandard  D i s t a n c e ,  and 
e a c h  - 0 judged a d i f f e r e n t  S tandard  t h a t  day. The Standard  w a s  p r e s e n t e d  f i r s t ,  
and was i d e n t i f i e d  by t h e  exper imenter  e a c h  time it appeared.  Fol lowing a 
3-sec. e x p o s u r e ,  t h e  s h u t t e r  occluded t h e  scene ;  t h e  t a r g e t  w a s  moved t o  a 
randomly selected Comparison Distance,  and  3 sec. later t h e  s h u t t e r  opened f o r  
3 Sec., and 0 responded "nearer" o r  " fa r ther" .  
p e r m i t t e d .  Fol lowing a 3-sec. i n t e r t r i a l  i n t e r v a l  t h i s  sequence w a s  r e p e a t e d  
u n t i l  e a c h  Standard-Comparison p a i r  had been p r e s e n t e d  10 times. 
judged e a c h  of t h e  v a r i o u s  S t a n d a r d s  i n  a random f a s h i o n  on t h r e e  d i f f e r e n t  
d a y s ,  making a t o t a l  of 30 r e s p o n s e s  to  e a c h  s t i m u l u s  p a i r .  The - O s  were n o t  
t o l d  t h e  s i m u l a t e d  d i s t a n c e s  of t h e  Standard or Comparison s t i m u l i  u n t i l  t h e  
t e r m i n a t  i o n  of t h e  exper iment .  
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N o  "equal" judgments were - 
The - O s  
EQUATIONS AND SYMBOLS 
(1) AD = KD1-35 
( 2 )  AD = KD1*O 
(3) A D  = K(D + A D ) ~ . O  
AD = j u s t  p e r c e p t i b l e  d i f f e r e n c e  i n  d i s t a n c e  ( i n  f t . )  
K = c o n s t a n t  d e n o t i n g  i n t e r s e c t i o n  of Y a x i s  
D = o b s e r v a t i o n  d i s t a n c e  ( i n  ft .) 
A a =  j u s t  p e r c e p t i b l e  d i f f e r e n c e  i n  v i s u a l  a n g l e  ( i n  min. of a r c )  
- =  v i s u a l  a n g l e  ( i n  min.  of arc)  
ADp = proximal  j u s t  p e r c e p t i b l e  d i f f e r e n c e  i n  d i s t a n c e  ( i n  ft.) 
AD, = d i s t a l  j u s t  p e r c e p t i b l e  d i f f e r e n c e  i n  v i sua l  a n g l e  ( i n  min. of a rc )  
aKp = proximal  j u s t  p e r c e p t i b l e  d i f f e r e n c e  i n  v i s u a l  a n g l e  ( i n  m i n .  of arc)  
A a d  = d i s t a l  j u s t  p e r c e p t i b l e  d i f f e r e n c e  i n  v i s u a l  a n g l e  ( i n  m i n .  of arc) 
n = s l o p e  of power f u n c t i o n  
m = s l o p e  of power f u n c t i o n  
S = s i z e  of t a r g e t  ( i n  f t . )  
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RESULTS 
The p e r c e n t a b e  of "nearer"  responses  f o r  a l l  - O s  t o  each  Standard  
Comparison p a i r  w e r e  t r e a t e d  a s  o r d i n a t t  v a l u e s  on a normal d i s t r i b u t i o n  and 
were conver ted  t o  s t a n d a r d  s c o r e s  which were p l o t t e d  a g a i n s t  t h e  Comparison 
s t i m u l i  (see Fig .  1). The i n t e r p o l a t e d  Comparison D i s t a n c e  cor responding  t o  
-1 SD ( s t a n d a r d  d e v i a t i o n )  d e f i n e d  t h e  proximal t h r e s h o l d  (AD);  t h a t  f o r  t h e  
+1 SD d e f i n e d  t h e  d i s t a l  t h r e s h o l d .  The procedure f o l l o w s  t h a t  d i s c u s s e d  by 
Woodworth and Schlosberg  (1954). 
An i n i t i a l  a n a l y s i s  w a s  made to  t e s t  i f  Weber'8 l a w  h e l d ,  s u c h  that 
A D  = KD1*O. ( 2 )  
F i g u r e  2 d e p i c t s  t h e  r e s u l t s  of p l o t t i n g  ADD a g a i n s t  l o g  D .  The c u r v e  was 
f i t t e d  t o  the data by eye with no d i s t i n c t i o n  made between proximal and d i s t a l  
t h r e s h o l d s .  It i s  clear t h a t  t h e  s t r i c t  Weber r e l a t i o n  was n o t  found.  N e i t h e r  
was t h e  g e n e r a l i z e d  Weber f u n c t i o n  endorsed by Ogle (1952) 
A D  = K ( D  + A D ) ~ * O .  ( 3 )  
The a n a l y s i s  is n o t  shown h e r e ,  b u t  t h e  v a l u e s  of AD/(D + A D )  ranged from 
0 .03  a t  2i)O f t .  t o  0.07 a t  12,803 f t . ,  and t h e y  were v e r y  n e a r l y  t h e  same f o r  
b o t h  t h e  proximal  and d i s t a l  t h r e s h o l d s .  I n  o t h e r  words,  r a t h e r  t h a n  b e i n g  a 
c o n s t a n t  p r o p o r t i o n  of o b s e r v a t i o n  d i s t a n c e ,  ADD and ADD/(D + AD) i n c r e a s e  
p r o g r e s s i v e l y  w i t h  o b s e r v a t i o n  d i s t a n c e .  
I n s p e c t i o n  of F ig .  3 r e v e a l s  t h a t  t h e  J N D  ( j u s t - n o t i c e a b l e - d i f f e r e n c e )  f o r  
d i s t a n c e  i n c r e a s e s  e x p o n e n t i a l l y  w i t h  d i s t a n c e  and w i t h  v i s u a l  a n g l e  (cX)  . I n  
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F i g .  1 .  Computation of proximal and d i s t a l  t h r e s h o l d s .  The p o i n t s  o n  t h e  b e s t  
f i t  ( l east  squares) l i n e  corresponding t o  21 determine t h e  v a l u e s  of t h e  
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F i g .  2.  Proximal anu d i s h 1  d i f t e r - e n t i a 1  d i s t a n c e  d i s c r i m i n a t i o n  a s  a f u n c t i o n  
of o u s e r v . i t i o n  u i s t a n c e .  T h e  c u r v e  was f i t t e d  by eye w i t h  no  d i s t i n c t i o n  
made between proximal  and d i s t a l  t h r e s h o l d s .  
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Figure 3. PrOximPl and d i s t a l  t h r e s h o l d s  for d i s t a n c e  and v i s u a l  
m g l e  as a f u n c t i o n  of observation d i s t a n c e  and v i s u a l  angle .  
t h e n  A D 1  = A D ,  ( 5 )  
D 2  A D 4  
where D1, D 2 ,  D g ,  and D4 are any f o u r  s tandard  d i s t a n c e s .  These same r e l a t i o n -  
s h i p s  would hold  f o r  d i s t a n c e s  expressed  i n  v i s u a l  a n g l e .  The proximal and 
d i s t a l  t h r e s h o l d s  are p l o t t e d  s e p a r a t e l y ,  w i t h  e a c h  p o i n t  based upon 90 
responses .  The smooth l i n e s  were f i t t e d  b y  least s q u a r e s ,  and t h e  r e s u l t i n g  
power f u n c t i o n s  are 
A D  = 0 . 0 1 1 ~ 1 J 9  (6) P 
A D d  = 0.011D1*20, ( 7 )  
where A D  
There a p p e a r  t o  be no c o n s i s t e n t  d i f f e r e n c e s  i n  t h e  magnitudes of t h e  c o r r e s -  
and h D d  d e s i g n a t e  the proximal and d i s t a l  t h r e s h o l d s  r e s p e c t i v e l y .  P 
ponding t h r e s h o l d s .  
I n  terms of a n g u l a r  s u b t e n s e  of t h e  ver t ical  dimension of t h e  t a r g e t ,  t h e  
l e a s t  p e r c e p t i b l e  d i f f e r e n c e  i n  r e t i n a l  s i z e  of t h e  s t i m u l u s  is  shown t o  grow 
as a power f u n c t i o n  of t a r g e t  s i z e ,  
= 0.10ErAO-78 (8) A UP 
am = 0.112 &79. ( 9 )  
These f u n c t i o n s  f o l l o w  from t h e  geometr ica l  r e l a t i o n s h i p s  among t h e  d i f f e r e n -  
t i a l  t h r e s h o l d  f o r  visual a n g l e  (Ao(>, s i z e  of t a r g e t  (SI, l i n e a r  t h r e s h o l d  
f o r  d i s t a n c e  ( A D ) ,  and o b s e r v a t i o n  d i s t a n c e  ( D ) ,  
A R =  S ( A D ) / D ~  + D (AD). ( 1 0 )  
T e i c h n e r  e t  a l .  (1955a)  averaged t h e  d a t a  from s e v e r a l  s t u d i e s  concerned 
w i t h  d e p t h  d i s c r i m i n a t i o n  a t  v a r i o u s  o b s e r v a t i o n  d i s t a n c e s  and concluded t h a t  
4 D  grows-approximate ly  as t h e  1.35 power of D ,  
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Fig.  4. Data f rom Fig .  1, Teichner  e t  a l .  (1955a) and p r e s e n t  s t u d y  ( h a l f -  
f i l l e d  c i r c l e s )  showing d i s t a n c e  d i s c r i m i n a t i o n  as a f u n c t i o n  of o b s e r v a t i o n  
d i s t a n c e .  The lowes t  c u r v e  was f i t t e d  by t h e  e m p i r i c a l  formula 
AD = 0 . 0 0 2 1 1 ~ - ~ ~ .  
&I = 0.011D1*19; t h e  d i s t a l  curve  by AD = 0.011D1’20. 
The proximal curve  was f i t t e d  by t h e  e m p i r i c a l  formula  
T h e i r  resul ts  are r e p o r t e d  i n  F ig .  4 (adapted from T e i c h n e r ' s ,  1955a, Fig.  1). 
The lowes t  c u r v e  w a s  f i t t e d  t o  t h e  d a t a  by formula (11). 
Superimposed on T e i c h n e r ' s  resu l t s  a r e  t h e  f i n d i n g s  from t h e  p r e s e n t  s t u d y  
( h a l f - f i l l e d  c i rc les) .  D e s p i t e  t h e  d i f f e r e n c e s  i n  a b s o l u t e  v a l u e s  of t h e  
t h r e s h o l d ,  t h e  g e n e r a l  agreement between t h e  p r e s e n t  r e s u l t s  and t h o s e  r e p o r t e d  
by T e i c h n e r  e t  a l .  (1455a) is impress ive ,  c o n s i d e r i n g  t h e  vast  d i f f e r e n c e s  i n  
t h e  e x p e r i m e n t a l  s i t u a t i o n s .  
Assuming adequacy of t h e  d i s t a n c e  s i m u l a t i o n ,  t h e  p r a c t i c a l  meaning of 
t h e s e  r e s u l t s  is as fo l lows:  (a>  a t  a d i s t a n c e  of 201) f t .  a n  o b s e r v e r  should  be 
a b l e  t o  d e t e c t  r e l i a b l y  a chanke i n  d i s t a n c e  of o n l y  5 f t . ,  even under condi-  
t i o n s  of s u c c e s s i v e  o b s e r v a t i o n ;  a t  a range of 12,800 f t .  t h e  minimum d e t e c t -  
a b l e  change is of t h e  o r d e r  of bo0 f t . ;  ( b )  i n  terms of s i z e  change of a l a r g e  
t a r g e t  (maximum dimension = 27.34 f t . ) ,  a t  200 f t .  a s i z e  change of 11' 16" of 
v i s u a l  arc could  be d e t e c t e d  ( t a r g e t  s i z e  = 408' of v i s u a l  a r c ) ;  a t  12,800 f t .  
a s i z e  change of 26" of arc could  b e  d e t e c t e d  ( t a r g e t  s i z e  = 6'  22" of v i s u a l  
arc).  
c o n d i t i o n s  such  t h a t  a lmost  a l l  of t h e  normal t e r r e s t r i a l  cues t o  d i s t a n c e  were 
m is s i n g  . 
It should  b e  noted  a g a i n  t h a t  t h e s e  d i s c r i m i n a t i o n s  were made under 
D I SCUS S I ON 
I n  one r e s p e c t ,  t h e  resul ts  of the  p r e s e n t  i n v e s t i g a t i o n  may be 
i n t e r p r e t e d  as a test of t h e  adequacy of t h e  s i m u l a t i o n  of d i s t a n c e .  I n  l i g h t  
of t h e  cor respondence  between t h e  r e s u l t s  r e p o r t e d  h e r e  and t h o s e  of p r e v i o u s  
a u t h o r s  t h e r e  i s  no response-based reason for  doubt ing  t h e  v a l i d i t y  of t h e  
d i s p l a y .  
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The p r e s e n t  s t u d y  conf i rms  t h e  power f u n c t i o n  r e l a t i o n s h i p  between 
d i s t a n c e  t h r e s h o l d  and o b s e r v a t i o n  d i s t a n c e  even under s e v e r e l y  r e s t r i c t e d  
viewing c o n d i t i o n s .  Because of t h e  p a r t i c u l a r s  of t h e  e x p e r i m e n t a l  d e s i g n ,  
however, unanswered q u e s t i o n s  remain concern ing  t h e  re la t ive importance of t h e  
s e v e r a l  e m p i r i c a l  f a c t o r s  t o  d e p t h  l o c a l i z a t i o n  l i s t e d  by Ogle (1958; 1962). 
Change i n  r e t i n a l  image-size is  advanced as t h e  most s i g n i f i c a n t  cue  t o  d e p t h  
l o c a l i z a t i o n  i n  t h e  p r e s e n t  exper iment .  T h i s  conc lus ion  is based upon a pro-  
cess of e l i m i n a t i o n  and is  similar t o  t h a t  reached  by Holway e t  a l .  (1945) .  
The p o s s i b i l i t y  is recognized  tha t  changes i n  b i n o c u l a r  d i s p a r i t y  and t h e  
c h a r a c t e r i s t i c s  of t h e  l i g h t - r a y  bundles  were a l s o  involved .  I n  f a c t ,  Jameson 
and Hurvich  (1959) r eana lyzed  s p e c i f i c  a s p e c t s  of t h e  ear l ie r  Holway e t  a l .  
(1945) d a t a  and r e p o r t e d  t h a t  r e t i n a l  image s i z e ,  b i n o c u l a r  d i s p a r i t y ,  and 
l i g h t - r a y  c o n f i g u r a t i o n s  work t o g e t h e r  i n  an a d d i t i v e  f a s h i o n  t o  produce dep th  
d i s c r i m i n a t i o n ,  b u t  it w a s  coac luded  t h a t  t h e  l a s t  two v a r i a b l e s  w e r e  of minimal 
importance i n  t h e  p r e s e n t  r e s e a r c h  f o r  r e a s o n s  developed below. 
It is  ex t r eme ly  d o u b t f u l  t h a t  b i n o c u l a r  d i s p a r i t y  could  have p layed  a 
s i g n i f i c a n t  r o l e  i n  t h e  p r e s e n t  r e s u l t s .  It would be un reasonab le  t o  assume 
t h a t  - O w a s  making judgments on t h e  b a s i s  of b i n o c u l a r  p a r a l l a x  a g g l e  when t h e  
t a r g e t s  were viewed s e q u e n t i a l l y  w i t h  a 3-sec. i n t e r - p r e s e n t  at ion  i n t e r v a l  . 
P a r e n t h e t i c a l l y ,  t h e  mode of p r e s e n t a t i o n  t e n d s  t o  weaken t h e  p o s s i b i l i t y  t h a t  
- O s  w e r e  r e l y i n g  upon v e r n i e r  a l ignment  of t h e  S tandard  and Comparison t a r g e t s ,  
an  e x p l a n a t i o n  o f f e r e d  by Te ichne r  e t  a l .  (1955a; 1955b) t o  cove r  t h e  s i t u a t i o n  
i n  which t h e  t a r g e t s  are p r e s e n t e d  s imul t aneous ly .  Cues from b i n o c u l a r  d i s p a r -  
i t y  i n v o l v e  d i f f e r e n c e s  between t h e  images i n  t h e  two eyes .  I n  t h e  c a s e  of 
s e q u e n t i a l  p r e s e n t a t i o n ,  t h e n ,  t h e  comparison would have t o  be between t h e  
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b i n o c u l a r  d i s p a r i t y  p r e s e n t  on one o c c a s i o n  w i t h  a t r a c e  of t h e  d i s p a r i t y  
p r e s e n t  i n  t h e  images recorded  3 sec. e a r l i e r .  Such a comparison is  n o t  
imposs ib le ,  b u t  our  p r e s e n t  knowledge of t h e  v i s u a l  system would r e n d e r  it 
h i g h l y  u n l i k e l y .  
By t h e  same token ,  it should  be noted t h a t  judgments based s o l e l y  on s i z e  
change are l i k e w i s e  based on a comparison of p r e s e n t  s t i m u l a t i o n  w i t h  t h e  trace 
of p a s t  s t i m u l a t i o n .  For t h i s  reason t h e  t h r e s h o l d  v a l u e s  o b t a i n e d  must be 
cons idered  remarkably small. 
One f i n a l  p o s s i b i l i t y  t h a t  might be c o n s i d e r e d  i s  t h a t  judgments w e r e  
based on a d e t e c t i o n  of change i n  convergence or accommodation from t h e  f i r s t  
p r e s e n t a t i o n  t o  t h e  second. While t h e  s h u t t e r  w a s  c l o s e d  0 may have main ta ined  
h i s  v i s u a l  f i x a t i o n  and may a l s o  have had an  a f te r - image  of t h e  s t i m u l u s .  
Exposure of t h e  second s t i m u l u s  would t h e n  have produced small changes i n  con- 
- 
vergence  and accommodation. I f  an  a f te r - image  w e r e  p r e s e n t ,  a small amount of 
a p p a r e n t  movement of t h e  t a r g e t  might have been d e t e c t e d  a s  w e l l .  These 
p o s s i b i l i t i e s  c o u l d  be i n v e s t i g a t e d  by p r o v i d i n g  a f i x a t i o n  p o i n t  on t h e  s h u t -  
ter. A change i n  f i x a t i o n  between p r e s e n t a t i o n s  should  have t h e  e f f e c t  of 
i n c r e a s i n g  t h e  t h r e s h o l d  v a l u e s .  Another method of checking t h e  r e l i a b i l i t y  of 
t h e  r e s u l t s  would b e  t o  r e p l i c a t e  t h e  exper iment  u s i n g  a t a r g e t  of d i f f e r e n t  
s i z e  and shape. Such a r e p l i c a t i o n  is  c u r r e n t l y  b e i n g  planned. 
Department of Psychology 
Texas  C h r i s t i a n  U n i v e r s i t y  
F o r t  Worth,  Texas 76129, January  5, 1968. 
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DISTANC% DISCKIMINATION I N  A SIMULATED SPACE 
ENVIRONMENT. Rober t  J. Vincent ,  B i l l  R. Brown, 
and Malcolm D. Arnoul t .  J anua ry ,  1968. 15  p. 
The j u s t  n o t i c e a b l e  d i f f e r e n c e  ( J N D )  f o r  d i s t a n c e  
w a s  i n v e s t i g a t e d  by a paired-comparisons method 
u s i n g  s u c c e s s i v e  comparisons.  The r e s e a r c h  u t i -  
l i z e d  an  o p t i c a l l y  s imulated l a r g e  t a r g e t  l o c a t e d  
i n  a t e x t u r e l e s s  environment a t  d i s t a n c e s  a long  t h e  
s a g g i t a l  p l ane  out  t o  12,800 f t .  The v a l u e  of 
ADD v a r i e d  from less than 3% a t  200 f t .  t o  abou t  
7% a t  12,800 f t .  The r e s u l t s  conf i rm t h e  power 
function relationship between d i s t a n c e  t h r e s h o l d  
and o b s e r v a t i o n  d i s t a n c e ,  
